Background: Concomitant chemoradiotherapy (CT/RT) is the standard treatment of locally advanced squamous cell carcinoma of the head and neck (SCCHN). We evaluated the efficacy of induction docetaxel (Taxotere), cisplatin, and 5-fluorouracil (TPF) before CT/RT versus CT/RT alone. Results: A total of 101 patients were randomly allocated to the study (51 arm A; 50 arm B). CR rates were 21.2%
introduction Squamous cell carcinoma of the head and neck (SCCHN) represents 5% of newly diagnosed cancers in adults and >500 000 new cases annually are predicted worldwide [1] . Standard treatment of resectable, stage III-IVM0 disease is surgery with or without adjuvant radiotherapy plus concomitant chemotherapy [1] [2] [3] [4] . Unfortunately, >50% of patients with SCCHN present with locoregionally advanced disease technically unresectable or with low surgical curability.
Phase III studies and the meta-analysis of chemotherapy in head and neck cancer (MACH-NC) have shown that concomitant chemoradiotherapy (CT/RT) is optimal treatment of unresectable disease [5] .
Although induction chemotherapy is frequently used in clinical practice and has role in organ preservation and in reducing distant metastases [6] [7] [8] , its ability to prolong survival has not yet been demonstrated. Three phase III studies comparing two different induction chemotherapy regimens [cisplatin and 5-fluorouracil (PF) with or without a taxane] followed by either radiotherapy alone or radiotherapy plus chemotherapy have shown that adding a taxane to PF improves response rate, time to progression (TTP), and overall survival (OS) compared with PF [9] [10] [11] . We designed the current phase II randomized trial to assess the radiologic complete response (CR) rate at the end of treatment in patients receiving either CT/RT alone or three cycles of induction docetaxel, cisplatin, and 5-fluorouracil (TPF) followed by the same CT/RT. A secondary objective was to determine the feasibility, on the basis of efficacy and acceptable toxicity of TPF induction, of conducting a phase III trial with OS as the primary end point.
patients and methods

study design
This was an open-label, randomized, phase II study conducted at 18 Italian centers. Patients aged ‡18 years were eligible if they had histologically/ cytologically proven stage III-IVM0 unresectable SCCHN of the oral cavity, oropharynx, or hypopharynx (larynx carcinomas were excluded because many are resectable at an advanced stage); one or more measurable lesion; Eastern Cooperative Oncology Group performance status (PS) of zero to one; adequate hematologic, hepatic, and renal function; life expectancy ‡6 months; no prior chemotherapy, radiotherapy, or surgery; no peripheral neuropathy or altered hearing greater than or equal to grade 2 and weight loss £20% in 3 months preceding the study. Inoperability criteria were technical unresectability (tumor fixation/invasion to either base of the skull, cervical vertebrae, nasopharynx, or fixed lymph nodes), low surgical curability (T3-T4, N2-N3 excluding T1 N2) as assessed by an experienced surgeon, and organ preservation.
All patients provided written informed consent. The protocol was approved by the ethics committee of the participating centers and the study was conducted in accordance with the Declaration of Helsinki. Registration and randomization were carried out centrally by phone or fax. Stratification was by T stage (T1-T2 versus T3-T4), N stage (N0-N1 versus N2-N3), and primary site (oral cavity/oropharynx versus hypopharynx).
treatment plan
Patients were randomly assigned to receive either CT/RT alone (arm A) or induction TPF followed by CT/RT (arm B). The CT/RT regimen consisted of standard fractionated radiotherapy of 70 Gy for the primary tumor (2 Gy/day, 5 days/week for 7 weeks) and a radiotherapy regimen of ‡60 Gy for the neck (2 Gy/day, 5 days/week for 5 weeks). For N2-N3 patients who were candidates for neck dissection, a minimum of 50 Gy for the neck was planned but most received 60 Gy. The CT/RT chemotherapy was cisplatin 20 mg/m Cycles were repeated every 3 weeks to a maximum of three cycles. Antibiotic prophylaxis (oral ciprofloxacin 500 mg twice daily, days 5-15) was administered after each cycle. Patients received the same CT/RT regimen as in arm A, 3-5 weeks after the end of induction chemotherapy. All patients were given adequate hydration and antiemetics (5-HT3 antagonists and dexamethasone). Prophylactic granulocyte colonystimulating factor (G-CSF) was not allowed, but G-CSF was given to patients who experienced grade 4 neutropenia [absolute neutrophil count (ANC) <0.5 · 10 9 /l lasting >7 days], febrile neutropenia, or delayed ANC recovery. Enteral support (feeding tube, percutaneous endoscopic gastrostomy) was considered before starting CT/RT.
A reduction or delay in chemotherapy dose was recommended if patients had an ANC <1500/ll, a platelet count <100 000/ll, and/or grade 2-4 nonhematologic toxic effects before starting chemotherapy. For a delay in TPF induction cycle >2 weeks, patients received immediate CT/RT.
evaluations
Staging was by the International Union Against Cancer 1997 tumor-nodemetastasis classification [12] . Before study entry, all patients underwent a computerized tomography (CT) or magnetic resonance imaging (MRI) scan of the head and neck, chest X-ray and/or lung CT scan, abdominal ultrasound or liver CT scan for liver abnormalities, and brain and bone scans in the presence of specific symptoms.
Pathologic confirmation of radiologic CR at the primary site was carried out under anesthesia 8-12 weeks after the end of CT/RT. Neck dissection was planned for stage N2-N3 patients who achieved a pathologically confirmed CR at the primary site and a radiologic CR at the neck. Surgery was considered for radiological/clinical residual disease after CT/RT at one or both sites.
Radiologic head and neck examinations were carried out after induction TPF (arm B), 6-8 weeks after ending concomitant CT/RT (all patients), then every 6 months until progression. Patients were followed every 3 months for the first 2 years after completion of CT/RT and then every 6 months until progression or death.
end points
The primary end point was the radiologic CR rate evaluated 6-8 weeks after the completion of CT/RT. Secondary end points included overall response rate (ORR) [CR + partial response (PR)], duration of response, progression-free survival (PFS), OS, and feasibility. Duration of response was calculated from the date of first documented response to first documented disease progression. PFS was calculated from the date of randomization up to the date of first progression, second primary malignancy, or death from any cause. Patients not progressing and alive at the time of the analysis were censored at the last disease assessment date. OS was measured from the date of randomization until death. At the time of analysis, patients who were not reported as having died were censored at the date they were last known to be alive.
Responses were assessed by CT or MRI scans according to RECIST [13] and reviewed by an internal committee (radiologist, radiation oncologist, and medical oncologist) blinded to treatment assignment. Toxicity was assessed using National Cancer Institute of Canada-Clinical Trials Group expanded common toxicity criteria [14] . Late reactions to radiotherapy were graded by the Radiation Therapy Oncology Group/European Organisation for Research and Treatment of Cancer late radiation morbidity criteria [15] .
statistical analysis
The primary objective of the trial was to rank the two treatment arms according to the Simon approach [16] , having as primary end point the CR rate. On the basis of this method, assuming the smallest CR rate of 30%, with 43 assessable patients per arm, there was a 90% probability of selecting the superior treatment by an absolute difference of 15% (i.e. the treatment with a true CR rate of 45%). Taking into account a rate of 10% of not assessable patients, a total of 96 patients had to be enrolled. Assessable for response patients were considered those meeting eligibility criteria, having received treatment assigned at randomization, with all baseline lesions reassessed at least once by the same method as used at baseline. Analyses of PFS and OS were carried out on the intent-to-treat population. Survival curves were described using Kaplan-Meier method and compared by logrank test. Response rate were compared by means of the chi-square test. Results are presented as point estimates and 95% confidence intervals (CIs).
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Since the goal of the study was to select the best regimen, the study was not powered for a formal comparison between the two arms. Therefore, all the comparisons made had only explorative purposes.
Analyses were carried out using SAS Software, version 9.1 (SAS Institute, Cary, NC).
results patient characteristics
Overall, 101 patients were randomly allocated to the study from January 2003 to January 2006, with 51 assigned to CT/RT (arm A) and 50 to induction TPF followed by CT/RT (arm B). One patient (arm A) was subsequently deemed ineligible ( Figure 1) . Although technically resectable, two patients (CT/RT arm) were included for an organ preservation program as per protocol. Baseline characteristics were balanced, except a greater proportion of women and patients with PS of zero in arm A (Table 1) .
activity
After induction TPF, the radiologic ORR was 69.5% (95% CI 49.2% to 77.1%) and the CR was 6.5% in the 46 assessable patients. Five patients (10.8%) progressed during TPF and were treated according to the corresponding center's practice. Following CT/RT, the radiologic CR rate was 21.3% (95% CI 10.7% to 35.7%) in arm A and 50% (95% CI 34.9% to 65.1%) in arm B indicating a better activity for arm B. The P value of the comparison between the two arms was equal to 0.004. Corresponding PR rates were 61.7% and 28.2% (Table 2) .
Surgery for radiological/clinical residual disease was carried out in twice the number of patients in arm A (Figure 2) . In arm A, 21 of the 47 assessable patients (44.6%) received surgery after chemoradiation. In 18 of 21 patients (85.7%), surgery was carried out due to residual disease after chemoradiation (16 patients with neck residual disease and 2 patients with residual disease both on the neck and primary site). In 3 of 21 additional patients (14%) initial stage N2-N3, the prophylactic neck dissection was carried out. In arm B, surgery was carried out in 17 of the 46 assessable patients (37%). In 9 of 17 patients (53%) received surgery due to residual disease after chemoradiation (5 patients with neck residual disease and 4 patients with residual disease both on the neck and primary site). In 8 of 17 additional patients (47%) initial stage N2-N3, the prophylactic neck dissection was carried out.
Radiologic CR rates evaluated 8 months after treatment of nonoperated patients (planned neck dissection or salvage surgery) were 40% (10 of 25 patients) in arm A and 57.1% (16 of 28 patients) in arm B. In arm A, five patients maintained a CR, five shifted from PR to CR, and two progressed after an initial CR. In arm B, 13 patients maintained CR, 3 shifted from PR to CR, and 1 progressed after an initial CR.
Median duration of ORR (CR + PR) was 29.7 months in arm A and 30.4 months in arm B. The rate of early death (within 30 days following treatment) in arm A was 9.8% (five patients). Among five causes of death, three were not treatment related: one cardiac disease, one bilateral pulmonitis (probably ab ingestis), and one gastric perforation. One was unknown and one was treatment related (infection in patient with hematologic toxicity). There were no early deaths in arm B. During induction TPF, the most common grade 3-4 hematologic toxicity was neutropenia (52%; 26 of 44 assessable patients), with 8% (n = 4) experiencing febrile neutropenia. The rate of grade 3-4 anemia and thrombocytopenia was 2.0%. Grade 3-4 non-hematologic toxic effects occurring in >2% of patients were alopecia (18%), stomatitis/mucositis (6.0%), and nausea (4.3%).
Grade 3-4 hematologic toxic effects during CT/RT were not clinically relevant (Table 3) . The most relevant nonhematologic toxic effects (mucositis/stomatitis, skin toxicity, and dysphagia) were not higher with TPF induction.
The median radiation dose, the median duration of CT/RT, and radiotherapy interruption rates were similar (Table 4) . Overall, >90% of patients received two planned cycles of concomitant PF. In arm A, four patients (8%) received only one cycle of PF during radiotherapy (n = 2 disease progression; n = 2 toxicity). Two patients never started CT/RT (Figure 1) . In three patients, cisplatin dose intensity was reduced by 6%, with no 5-fluorouracil does reductions.
In arm B, 96% of patients (n = 47) received three planned cycles TPF induction and 4% (n = 2) received two cycles. The TPF dose intensities (mg/m 2 /week) were 23.9 for docetaxel, 25.4 for cisplatin, and 101 for 5-fluorouracil. During concomitant treatment, three patients (7%) received only one cycle of PF during radiotherapy (n = 1 disease progression; n = 2 toxicity). In two patients, the cisplatin dose was reduced to 4.6%, with no 5-fluorouracil dose reductions. Seven patients never received CT/RT (n = 5, progression after TPF; n = 1, physician decision; and n = 1, consent withdrawn after induction CT).
discussion
Randomized trials evaluating the effectiveness of induction chemotherapy before locoregional therapy in SCCHN have not provided definitive outcomes due to suboptimal patient numbers, heterogeneous populations, and inactive chemotherapy regimens. Updated findings from the MACH-NC have shown a small nonsignificant OS advantage for induction chemotherapy followed by radiotherapy (2% at 2 and 5 years) over radiotherapy alone; however, when the analysis was limited to PF induction, OS was improved by 5.4% at 5 years (P = 0.05) [5, 17] . Only two positive phase III trials of induction chemotherapy have been published to date: the Gruppo di Studio sui Tumori della Testa e del Collo, which showed a survival benefit for patients who were considered ineligible for resection [18, 19] and the Groupe d'Etude des Tumeurs de la Tête et du Cou, which was limited to oropharynx cancer [20] .
Thus, the benefit of induction chemotherapy in clinical practice compared with the present standard CT/RT is unclear. Two recent phase III randomized trials have demonstrated the CT/RT, concomitant chemoradiotherapy; TPF, docetaxel, cisplatin plus 5-fluorouracil; CI, confidence interval. [10, 11] . However, a limitation of these studies was the absence of a standard control arm (CT/RT only), and consequently, no definitive conclusion is possible. In our study, induction TPF followed by CT/RT more than doubled the CR rate 6-8 weeks after the end of the treatment compared with CT/RT alone. Notably, induction TPF was feasible and well tolerated and did not compromise the delivery of subsequent CT/RT.
Responses were radiologically evaluated 6-8 weeks after the end of treatment, consistently with the usual timing in clinical practice. However, no data on the best method and optimal timing for evaluating responses in SCCHN have been published to date. Randomized trials have used various methods (radiologic, endoscopic, and pathologic), limiting comparisons among different studies. Moreover, radiologic assessment (CT, MRI) of SCCHN is particularly difficult because of the anatomic characteristics of the region and the post-treatment changes that make image interpretation difficult. However, the effect of radiotherapy lasts long after the end of treatment, and late CRs due to subclinical damage of tumor cells have been frequently observed. Radiologic responses in our study were centrally reviewed by an internal committee in a blinded fashion to minimize possible bias. Some patients with a radiologic PR or stable disease at the first evaluation (6-8 weeks after treatment) became either a CR or PR when evaluated 8 months after the end of CT/RT, despite no additional treatment.
The present study indicates that induction chemotherapy may improve short-term locoregional control. Given the significantly lower number of surgical interventions for residual disease in induction arm, our study also indicates that induction TPF could reduce the need for surgery in patients with radiological/clinical residual disease following CT/RT. Patients with persistent disease following radical radiotherapy or CT/RT have a poor prognosis; however, except in laryngeal cancer, the benefit of palliative surgery is currently unclear. Thus, the potential ability of induction TPF to reduce the need for surgical palliation could be clinically meaningful.
It is well recognized that PF induction improves OS over radiotherapy alone mainly due to a reduction in distant metastases. Induction TPF seems to provide additional improvement in OS related to an increase in short-term locoregional control, as observed in the present study and in the Posner TPF trial (TAX 324) [11] .
We consider two cycles of PF concurrent with standard fractionation radiotherapy an acceptable standard treatment regimen. Regarding radiation regimen, the meta-analysis of radiotherapy in carcinomas of the head and neck [21] showed a limited survival benefit for altered fractionated radiotherapy compared with standard fractions; after, a more detailed analysis, this advantage was confirmed only for hyperfractionated treatments, which are infrequently applied in clinical practice for practical reasons. However, data on local control and toxic effects favor altered fractionated radiotherapy, depending on the technique used. From the MACH-HN results, the best concomitant chemotherapy regimens are cisplatin alone or PF. The survival advantages are similar (11% and 10%, respectively) and, in our opinion, both options are acceptable chemotherapy regimens to combine with radiation. We previously conducted a phase I-II study to evaluate the feasibility of induction TPF followed by PF concomitant with radiotherapy [22] but had to reduce the number of planned chemotherapy cycles during CT/RT from CT/RT (n = 47) TPF followed by CT/RT (n = 46) 
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three to two because toxicity interrupted planned radiotherapy. Whether three cycles of concomitant chemotherapy are superior to two cycles is an open question, and this issue has not been tested in phase III trials. At present, several institutions have adopted two cycles of cisplatin alone as standard concomitant chemotherapy for their phase III studies on the basis of published data on poor compliance with three chemotherapy cycles concomitant to radiation in either advanced or adjuvant settings [23] . We believe this is sufficient evidence to consider as appropriate the comparator arm of our study. At the time our study was planned, results from a phase III trial comparing radiotherapy plus cetuximab versus radiotherapy alone in locally advanced SCCHN were not available. We now know that radiotherapy plus cetuximab provided superior OS and locoregional control compared with radiotherapy alone, without worsening radiotherapy-induced toxicity [24] . Radiotherapy plus cetuximab is now considered an alternative to CT/RT, although a direct comparison has not yet been carried out and the improved tolerability over CT/RT is only speculation. A proposed randomized, four-arm, factorial phase III trial will include a second randomization option, allowing a direct comparison of OS with induction chemotherapy versus no induction and of the infield toxicity of CT/RT versus radiotherapy plus cetuximab. 
